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DETAILED ACTION 
Response to Amendment 

This Office Action is in response to the amendment filed on June 3, 2004. 
Accordingly, claims 1-3, 6-29, 31 and 44 were canceled, claims 4, 34, 36 and 45-49 were 
amended, and new claims 50-52 were added. 

Currently, claims 4, 5, 30, 32-43 and 45-52 are pending in the application. 

Allowable Subject Matter 
Claims 4, 5, 30, 32-43 and 45-52 are allowed. 

The following is an examiner's statement of reasons for allowance: none of the prior art 
of record fairly shows or suggests all the process limitations as claimed. 

Re claim 4, none of the prior art of record discloses or suggests the combined process 
steps of: (A) forming a pad oxide layer on a substrate; (B) forming a polishing stopper layer on 
the pad oxide layer, the polishing stopper layer having a predetermined pattern for a chemical- 
mechanical polishing, the pad oxide layer positioned between the substrate and the polishing 
stopper layer; (C) removing a part of the pad oxide layer and the substrate using a mask layer 
including at least the polishing stopper layer as a mask to form a trench; (D) forming a trench 
oxide film on a surface of the substrate that forms the trench; (E) forming an insulating layer that 
fills the trench; (F) polishing the insulating layer by a chemical-mechanical polishing; (G) 
removing the polishing stopper layer; (H) etching a part of the insulating layer to form a trench 
insulating layer and etching the pad oxide layer remaining on the substrate adjacent to the trench; 
and (1) after the etching the remaining pad oxide layer, forming a sacrificial oxide layer on the 
substrate adjacent to the trench; wherein the method further includes the step (a) of forming an 
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etching stopper layer for the trench oxide film over at least a portion of the trench oxide film, 
wherein the etching stopper layer is a silicon nitride layer and wherein, in the step (H), the 
etching stopper layer is more resistant to the etching than the insulating layer wherein the etching 
stopper layer is formed to have an upper surface that is positioned no higher than an upper 
surface of the sacrificial oxide layer: and after the sacrificial oxide is formed, implanting an 
impurity into the substrate, and then removing the sacrificial oxide laver, wherein after the 
sacrificial oxide is removed, the insulating layer has an upper surface that is positioned higher 
than an upper surface of the etching stopper layer. 

Re claim 32, none of the prior art of record discloses or suggests the combined process 
steps of: forming a trench comprising a lower surface and side surfaces in a silicon substrate; 
forming a trench oxide layer covering the lower surface and side surfaces; forming rounded 
comer regions at an intersection of an upper surface of the substrate and the side surfaces of the 
trench; forming an etch stop layer in direct contact with the trench oxide layer on the lower 
surface and side surfaces; filling the trench with an insulating layer directly contacting the etch 
stop layer, wherein the insulating layer overfills the trench and a portion of the insulation layer 
extends over the upper surface of the substrate; etching the insulating layer using an etchant that 
selectively etches the etch stop layer at a rate that is slower than that of the insulating layer, 
wherein the etching the insulating layer is carried out so that a first portion of the insulating layer 
that extends over the upper surface of the substrate is removed and a second portion of the 
insulating layer over the trench extends to a level above that of the upper surface of the substrate; 
and after the etching the insulating layer, implanting an impurity into a first region of the silicon 
substrate, implanting an impurity into a second region of the silicon substrate, and after the 
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implanting the impurity into the second region, etching the second portion of the insulating layer, 
wherein the etching is controlled so that the second portion of the insulating layer extends to a 
level above that of the upper surface of the substrate. 

Re claim 34, none of the prior art of record discloses or suggests the combined process 
steps of: forming a pad insulating layer on a silicon substrate; forming a polishing stopper layer 
on the pad insulating layer; forming a first resist layer having a specified pattern on the polishing 
stopper layer; etching the polishing stopper layer and the pad insulating layer using the first resist 
layer as a mask to yield a remaining polishing stopper layer and remaining pad insulation layer; 
removing the first resist layer; etching the silicon substrate using the remaining polishing stopper 
layer and remaining pad insulation layer as a mask, to form a trench in the silicon substrate; 
oxidizing surfaces in the trench; forming a silicon nitride layer on the oxidized surfaces in the 
trench; forming an insulating layer on the silicon nitride layer and overfilling the trench; 
planarizing the insulating layer that overfills the trench until the polishing stopper layer is 
reached; removing the remaining polishing stopper layer; etching the remaining pad insulation 
layer and the insulating layer so that a portion of the insulating layer extends to a level higher 
than that of the silicon substrate; performing at least one ion implantation while the insulation 
layer extends to a level higher than that of the silicon substrate; and etching the insulation laver 
after the at least one ion implantation so that the insulation layer extends to a level higher than 
that of the silicon substrate. 

Re claim 36, none of the prior art of record discloses or suggests the combined process 
steps of: forming a pad insulating layer on a silicon substrate; forming a polishing stopper layer 
on the pad layer above an upper surface of the silicon substrate; forming a first resist layer 
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having a specified pattern on the polishing stopper layer; etching the polishing stopper layer and 
the pad insulating layer using the first resist layer as a mask to yield a remaining polishing 
stopper layer and remaining pad insulation layer; removing the first resist layer; etching the 
silicon substrate using the remaining polishing stopper layer and remaining pad insulation layer 
as a mask, to form a trench in the silicon substrate; oxidizing surfaces in the trench; forming an 
etch stop layer on the oxidized surfaces in the trench and on side surfaces and an upper surface of 
the polishing stopper layer; forming an insulating layer On the etch stop layer and overfilling the 
trench; planarizing the insulating layer that overfills the trench; after the planarizing, etching the 
polishing stopper layer and the etch stop layer so that the polishing stopper layer is removed and 
the etch stop layer that extends to a level above the upper surface of the silicon substrate is 
removed; after the etching the polishing stopper layer, etching the remaining pad insulation layer 
and the insulating layer so that a portion of the insulating layer remains at a level higher than that 
of the silicon substrate and the etch stop layer; forming a sacrificial oxide laver on the silicon 
substrate; performing at least one ion implantation into the silicon substrate while the insulation 
layer extends to a level higher than that of the silicon substrate and the etch stop layers; and 
etching the sacrificial oxide layer and the insulation layer after the at least one ion implantation, 
wherein the etching is controlled so that the insulation layer extends to a level higher than that of 
the silicon substrate. 

Re claim 46, none of the prior art of record discloses or suggests the combined process 
steps of: forming a pad insulating laver on a silicon substrate; forming a polishing stopper laver 
on the pad laver above an upper surface of the silicon substrate; etching the polishing stopper 
laver and the pad insulating layer using a mask to yield a remaining polishing stopper laver and 
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remaining pad insulation laver; etching the silicon substrate using the remaining polishing 
stopper layer and remaining pad insulation layer as a mask, to form a trench in the silicon 
substrate; oxidizing surfaces in the trench; forming an etch stop layer on the oxidized surfaces in 
the trench and on side surfaces and an upper surface of the polishing stopper layer; forming an 
insulating layer on the etch stop laver and overfilling the trench; planarizing the insulating layer 
that overfills the trench to a level that exposes the polishing stopper layer; after the planarizing, 
etching the polishing stopper layer and the etch stop layer so that the polishing stopper layer is 
removed and the etch stop layer on the side surfaces of the polishing stopper layer is removed; 
and after the etching the polishing stopper laver and the etch stop laver, etching the remaining 
pad insulation laver and the insulating laver so that a portion of the insulating laver remains at a 
level higher than that of the silicon substrate and the etch stop layer; wherein the etch stop layer 
is formed from a non-monocrystal silicon layer selected from the group consisting of a 
polycrystal silicon layer, an amorphous silicon layer or a multiple layer having a polycrystal 
silicon layer and an amorphous silicon layer. 

Re claim 47, none of the prior art of record discloses or suggests the combined process 
steps of: forming a pad insulating layer on a substrate; forming a polishing stopper layer on the 
pad insulating layer, wherein the pad insulating layer is between the substrate and the polishing 
stopper layer; etching the polishing stopper layer and the pad insulating layer using a mask to 
yield a remaining polishing stopper layer and remaining pad insulation layer; etching the 
substrate using the remaining polishing stopper layer and remaining pad insulation layer as a 
mask, to form a plurality of trenches in the substrate that are spaced apart from each other; 
oxidizing surfaces in the trenches; forming an etch stop layer on the oxidized surfaces in the 
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trenches and on side surfaces and an upper surface of the remaining polishing stopper layer; 
forming an insulating layer on the etch stop layer and overfilling the trenches; planarizing the 
insulating layer that overfills the trenches to a level that exposes the remaining polishing stopper 
layer; after the planarizing, etching the remaining polishing stopper layer and the etch stop layer 
so that the remaining polishing stopper layer is removed and the etch stop layer on the side 
surfaces of the remaining polishing stopper layer is removed; after the etching the polishing 
stopper layer and the etch stop layer, etching the remaining pad insulation layer and a portion of 
the insulating layer so that the remaining pad insulation layer is removed and the substrate is 
exposed between the trenches; and after the etching the remaining pad insulation layer, forming 
an oxide layer on the exposed substrate between the trenches; performing at least one ion 
implantation into the substrate through the oxide layer; and etching the oxide layer and the 
insulation layer after the at least one ion implantation, wherein the etching is controlled so that 
the insulation laver extends to a level higher than that of the substrate. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khanh Duong whose telephone number is (571) 272-1836. The 
examiner can normally be reached on Monday - Thursday (9:00 AM - 6:00 PM). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amir Zarabian can be reached on (571) 272-1852. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




